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Acanthobrama terraesanctae (YARON s) and no t  in the  
thecal  cells, as repor ted  by BARA 9 in the  ova ry  of Scomber 
scornber. In  Monopterus albus, the  presence of 3~-HSD 
act ivi t ies  in the  granulosa cells of the  ovar ian  follicles 
albeit  only  in the  ac t ive  period of the  sexual  cycle provides  
s trong evidence tha t  these cells are capable  of producing 
sex steroids. This, toge ther  wi th  the  previous  findings 

tha t  oestrogens were produced  by the  Mo~opterus ovary  
in v i t ro  (CI~AN and PHILLIPS 2), indicates  t h a t  the  granu- 
losa cells are the  sites of oestrogen product ion.  Nega t ive  
react ions for 3/3-ttSD in ovaries dur ing other  par ts  of the 
sexual  cycle and for 17/~-HSD th roughou t  the  whole 
year  m a y  possibly be due to the  l imi ta t ion  in the  sensit ivi-  
t y  of the  his tochemical  technique  employed.  The  demon-  
s t ra t ion  of 3/%HSD in the  breeding season is perhaps  
associated wi th  the  increase in the  product ion  of oestro- 
gen, required for vitellogenesis.  

3/%HSD act ivi t ies  were also found in the  inters t i t ia l  
cells of some Monopterus ovaries where these cells were 
present.  In te rs t i t i a l  cell act ivi t ies  for 3r in o ther  
te leostean ovaries seem to have  only been repor ted  in 
Cymatogaster aggregata (WI~IBE10). W h e t h e r  these cells 
secrete oestrogens or androgens remains  unknown.  So far 
no work  has been done on the  s teroid enzyme histo- 
chemis t ry  in any fish t h a t  undergoes na tura l  sex reversal.  
The present  s tudy  indica ted  t h a t  the  Monopterus ovary  
possesses the  enzymes  essential  for steroidogenesis.  The  
significance of this is at  present  under  invest igat ion.  

Fig. 2. Part  of the ovary showing 3/~-hydroxysteroid dehydrogenase 
activities in the granulosa cells and in the interst i t ial  cells. May 
sample. 20 [zm. x 28. 

Rdsumd. L'h i s toch imie  des enzymes  de l 'ova i re  de 
21/Ionopterus r6v+le la pr6sence d 'ac t iv i t6s  deshydrog6nase 
hydroxyst6roide-3/~ dans les cellules granuleuses des 
grands follicules pendan t  la saison de la reproduct ion.  
Cela indique  que les cellules granuleuses de ces follicules 
peuven t  produire  des steroides, peut-6tre  des oestrog~nes. 
Des cellules interst i t iel les  de l 'ova i re  de Monopterus 
pr6sentent  aussi des r6actions de deshydrog6nase hydro-  
xysteroide-3/3 positives,  mais il est impossible de d6cider 
si ces cellules produisent  des androgbnes ou des oestro- 
g6nes. 
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Fig. 3. Detail of the follicular epithelium of a mature follicle showing 
3]~-hydroxysteroid dehydrogenase activities in the granulosa ceils. 
20 ~zm. • 80. 
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P R O  E X P E R I M E N T I S  

A New Colorimetric Method for the Assay of the Serum Glyoxalase System 

The glyoxalase  sys tem consists of 2 enzymes : g lyoxalase  
I (S- lac toylglu ta th ione  methy lg lyoxa l - lyase  E.C. 4.4.1.5) 
which produces lac toylg lu ta th ione ,  and glyoxalase I I  
(S-2-hydroxyacylg lu ta th ione  hydrolase  E.C. 3.l.2.6) 
which splits off free gluta thione.  The react ions ca ta lyzed  
by  the  2 enzymes  can be wr i t t en :  

CH3C OCHOHS G ~ CHaCHOHC OSG 
(I) 

CH3CHOHCOSG + H20 , ~ CHaCHOHCOOH + GSH 
(II) 

G u m :  
CH, COCHOHSG + H20 , �9 CHaCHOHCOOH + GSH 

The first  subs t ra te  is formed spontaneous ly  f rom 
methy lg lyoxa l  and g lu ta th ione  (GSH) in a react ion wi th  a 
Ks va lue  of 2 • 10 .8 M. The react ion (I), ca ta lyzed  by  
glyoxalase  I, has a Km value  of 0 .19 •  .3 M for the  
hemimercapta l ,  as shown wi th  porcine e ry th rocy tes  

enzyme by ]V[ANNERVIK et al. 1. The impor tance  of the  
g lyoxala te  sys tem in cell g rowth  regula t ion has beeI1 
discussed ex tens ive ly  by FRENCH and FREEDLANDER 2 and 
by  EYGUD and SZENT-GYORGYI 3. The  assays, used and 
described by  RACKER 4, include a spec t rophotomet r ic  
t echnique  at  240 nm, a manomet r i c  me thod  and a 
color imetr ic  me thod  based on hyd roxamic  acid format ion.  

Using the  - S H  group reagent  of ]~LLMAN 5 we have  
developed a cont inuous  spec t rophotomet r ic  t echnique  
the  ra te  of change of absorbance (A~A/min) again recorded. 
The difference (A2A/min -- A1A/min = AA/min)  re- 
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for s t u d y i n g  t h e  h e m i m e r c a p t a l  sp l i t t i ng  a c t i v i t y  of 
h u m a n  se rum,  in a r eac t ion  ca t a lyzed  b y  g lyoxa la se  I I  
and  r a t e  l imi ted  b y  t he  i somer iz ing  e n z y m e  g lyoxa la se  1. 
The  s y s t e m  wh ich  p roved  to  be  m o s t  su i t ab le  c o n t a i n e d  
37.5 ~xmole o f  p h o s p h a t e  buf fe r  p H  7.4, 20 ~mole  of 
MgCIf, 58.2 ~mole of m e t h y l g l y o x a l  (Fluka,  Buchs ,  
Switzer land) ,  10 ~xmole of r educed  g l u t a t h i o n e  (B.D.H. ,  
Poole, E n g l a n d )  an d  2 ~mole  of 2', 2' d i th iob i sn i t robenzo ic  
acid (Fluka,  Buchs ,  Switzer land)  in a t o t a l  v o l u m e  of 
2.4 ml.  Th e  s y s t e m  was  i n c u b a t e d  a t  25 ~ for 2 ra in  a nd  
t h e  r a t e  of ch an g e  of ab so rbance  a t  412 n m  (A~A/m~n) 
was  recorded  w i th  an  U N I C A M  SP 1800 record ing  
s p e c t r o p h o t o m e t e r .  T h e n  0.1 ml  of s e r u m  was  added,  a n d  
p r e s e n t s  t h e  ve loc i ty  oI t he  e n z y m a t i c  reac t ion .  The  

Table I. Velocity of SH group liberation with different concentra- 
tions of serum 

Serum volume (ml) z] A/rain ( 4- S.D.) 

0.012 0.005 ::c 0.001 
0.020 0.013 4- 0.002 
0.040 0.017 4- 0.004 
0.080 0.040 4- 0.010 
0.100 0.050 ~: 0.013 
0.150 0.063 + 0.015 
0.200 0.072 4- 0.019 

Tile medium was composed of 1.5 ml of 0.025 M phosphate buffer 
pH 7.4, 0.2 ml of 0.1 M MgC12, 0.4 ml of 0.01 M methylglyoxal, 
0.1 ml of 0.1 M glutathione, 0.2 ml of 0.01 M ELLMAN'S reagent a 
and different amounts of serum. The final volume was always 
2.6 ml and the results are an average of 10 experiments carried out 
with 10 different normal sera. 

Table II. Effect of different compounds on the percent activity of 
the glyoxalase system 

Compound Percent activity 

None 100 
- -  Mg 67 
+ Colchicine 59 
+ Eserine 100 
+ EDTA 73 
+ o-Phenantroline 36 

The conditions are similar to those given in Table I. The compounds 
used are 1 • 10 -3 M colchicine (Monks, Nairobi, Kenya), 0.7 • 10 -8 M 
eserine (Fluka, Buehs, Switzerland), 0.75 • 10 -a M EDTA (B.D.H., 
Poole, England), 0.5• -~ M o-phenantroline (B.D.H., Poole, 
England). All the eoncentrations given are final ones and the data 
are average values from experiments. An activity of 100 corresponds 
to a z]A/min of 0.050. 

Table III. SH group liberation due to the activity of glyoxalase 
system in serum 

Subjects Number I.U. Standard b p 
deviation 

Normal 25 75.0 ~_ 49.0 
Cancer 
patients 25 120.0 4- 70.0 2.66 0.01 

The determinations were run in duplicate on fresh blood serum, and 
a correction for the absorbanee change due to the titration of the 
free SH groups present in the serum and independent from the 
glyoxalase system was always applied. 

order  of a dd i t i on  of t he  r e a g e n t s  m u s t  be cons ide red  
cr i t ical  a n d  t he  c ha nge  of a b s o r b a n c e  a f te r  t he  a d d i t i o n  
of s e r u m  was  m e a s u r e d  as a t a n g e n t  of t h e  in i t ia l  p a r t  of 
t he  cu rve  t h a t  g ives  t h e  e n z y m a t i c  r eac t ion  kinet ic .  
The  e x t i n c t i o n  coeff ic ient  of free G S H  was  m e a s u r e d  
w i t h  t h e  comple t e  s y s t e m  b u t  w i t h o u t  m e t h y l g l y o x a l ,  
a nd  a fac tor  of conve r s ion  of 1400 (S.D. • 120) was  
ca lcu la ted .  The  fac tor  is to t r a n s f o r m  the  va lue  of A A/ra in  
in to  I n t e r n a t i o n a l  U n i t s  (I.U. = ~mole  of G S H  l ibera ted .  
m i n  -1 • 1-1 a t  25 ~ 

T h e  effect  of d i f fe ren t  a m o u n t s  of s e r u m  on t he  ve loc i ty  
of t he  r eac t ion  was  checked,  a n d  t h e  r e su l t s  are s u m -  
ma r i z e d  in Tab le  I. A l inear  r e l a t i onsh ip  be tw e e n  v o l u m e  
of s e r u m  a n d  c h a n g e  of a b s o r b a n c e / m i n  a t  412 n m  holds  
up  to 0.1 ml  of s e rum.  The  e n z y m a t i c  a c t i v i t y  increases  
w h e n  t he  c o n c e n t r a t i o n  of s u b s t a n c e  is increased ,  up  to  an  
o p t i m a l  c o n c e n t r a t i o n  of 2 to  5 • 10 -~ M for G S H  a n d  22 
to 24 • 10 -3 M for m e t h y l g l y o x a l .  T h e  a p p a r e n t  Km va lue  
ca lcu la ted  for G S H  w i t h  t h e  doub le  reciprocal  m e t h o d  
was  1.5 • 10 -8 M, which,  by  a s s u m i n g  a va lue  of 2 x 10 .8 M 
as t he  d i s soc ia t ion  c o n s t a n t  for t h e  h e m i m e r c a p t a l  1, 
i nd ica te s  a n  a p p a r e n t  Km va lue  of 1.2 • 10 .3 M for t he  
e n z y m a t i c  h y d r o l y s i s  of t h e  s u b s t r a t e  h e m i m e r c a p t a l .  
C o n c e n t r a t i o n s  of m e t h y l g l y o x a l  a n d  G S H  h ighe r  t h a n  
t h a t  i nd i ca t ed  as t he  o p t i m a l  ones  were inh ib i to ry ,  as 
obse rved  b y  o the r  a u t h o r s  w i t h  d i f fe ren t  m e t h o d s  of 
a s s a y  6. 

The  effect  of Mg ions a n d  some  poss ib le  i nh ib i to r s  was  
also checked  a n d  t he  resu l t s  are s u m m a r i z e d  in Tab le  II .  
T h e  d e p e n d a n c e  of t h e  p r e s e n t  a s s a y  on t he  a c t i v i t y  of 
t h e  g lyoxa lase  I is e v i d e n t  f r om the  ac t ion  of t h e  inh ib i to r s  
of t h i s  e n z y m e  a n d  f rom t h e  need  of Mg ions for ful l  
ac t iv i ty .  The  lack  of i nh ib i t i on  b y  eser ine sugges t s ,  on  
t he  o the r  h a n d ,  t h a t  t h e  h y d r o l y t i c  a c t i v i t y  is no t  due  
to aspect i f ic  es te rases  a n d  the re fo re  t he  a s s a y  can  g ive  
a m e a s u r e  of t he  f u n c t i o n i n g  of t h e  whole  g lyoxa la se  
s y s t e m  in t he  s e rum.  

A p r e l i m i n a r y  ana lys i s  of t h e  s e r u m  a c t i v i t y  in a 
g roup  of n o r m a l  sub j e c t s  of b o t h  sexes,  aged  be tw e e n  21 
a n d  46, w a s  carr ied  ou t  a n d  t he  r e su l t s  c o m p a r e d  w i t h  
those  o b t a i n e d  f r o m  a g roup  of p a t i e n t s  su f fe r ing  f rom 
cancer  (ma in ly  b r e a s t  a n d  p r o s t a t e  cancer) .  Tab le  I I I  
s u m m a r i z e s  t he  resul t s .  

T h e  s t a t i s t i ca f  s igni f icance  of t he  d i f ference  in t h e  
a c t i v i t y  of t he  g lyoxa la se  s y s t e m  b e t w e e n  n o r m a l  
i nd iv idua l s  a n d  cancer  p a t i e n t s  s e e ms  to  p rov ide  some  
s u p p o r t  for t h e  h y p o t h e s i s  of SZENT-GYORGYI 7, a nd  i t  is 
i n t e r e s t i ng  to no te  t h a t  increase  in g lyoxa l a se  a c t i v i t y  
ha s  also been obse rved  as a v e r y  ea r ly  a l t e r a t i on  in a n i m a l s  
w i t h  ac t ive ly  r e g e n e r a t i n g  t i s sues  s. 

Zusammen/assung. Eine  Me thode  Itir die B e s t i m m u n g  
der S e r u m g l y o x a l a s e  wi rd  besch r i eben  u n d  die K i n e t i k  
der  I I y d r o t y s e  yon  L a c t o y l g l u t a t h i o n  mi t t e l s  des An-  
w a c h s e n s  freier S H - G r u p p e n  gemessen .  ]?;ine G r u p p e  nor-  
ma l e r  K o n t r o l l p e r s o n e n  w u r d e  m i t  e iner  G r u p p e  krebs-  
k r a n k e r  P a t i e n t e n  verg l ichen .  I m  S e r u m  der  K r e b s p a -  
t i e n t e n  w u r d e  e rh6h t e  Glyoxalaseaktivi t~Lt ge funden .  
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